Azolla pinnata is a small aquatic fern which considered as a multipurpose organism. It is used in bioremediation to remove heavy metals from polluted draining waters. In view of its potentiality, Azolla pinnata were tested for their growth on different media (Yoshida, peat moss, and Soil media) to select the best medium for the growth of Azolla. Then the best medium was examined for the potentiality of Azolla to withstand a different concentration of different heavy metals. Yoshida medium was the most suitable medium, as it recorded the highest significant records in fresh and dry weight, being 25.38 and 1.69 g/ pot respectively, the doubling time was 5.43 days, NPK% being 3.87, 0.85 and 1.95% respectively and nitrogenase activity being 14.32 μmol C2H4/ g dry weight. / hr). The fresh and dry weight of Azolla exposed to Pb +2 , Co +2 or Cu +2 , was found to be increased by increasing the concentration of the metals from 5 to 35 ppm/liter, then they decreased when the fern exposed to 45 ppm/liter for all of them. While, doubling time decreased gradually by increasing the concentration of Pb +2 , Co +2 or Cu +2 from 5 to 35 ppm/liter and started to increase by increasing the concentration of Pb +2 to 45 ppm/liter in the medium.
INTRODUCTION
Azolla sp. is a small, free-floating fern, less than ½ inches diameter ( Water contaminated by heavy metals is considered one of the most important environmental problems throughout the world because of their toxic effect on the environment and human health (Akpor and Muchie, 2010). A high concentration of lead can be found in industrial wastewater, in domestic detergents and other laundry products and in cigarettes (Celebi and Kendir, 2002) . While contamination of aquatic ecosystems with copper is normally due to various anthropogenic sources including copper mine drainage, copper-based pesticides, industrial, domestic wastes and antifouling paints ( The term ''phytoremediation'' is a combination of two words: Greek "phyto" meaning plant and Latin "remediation" meaning to correct or remove an evil (Hazrat et al 2013) . While the clear descriptions of the term, phytoremediation is "the use of plants for removal of pollutants from the environment "as it promotes the use of plants for environmental cleanup (Gardea, 2003 The use of aquatic macrophytes, such as Azolla that has hyperaccumulating ability is known to be an environmentally friendly option to restore polluted aquatic resources because of it has short doubling time (3-5 days), easy harvest, nitrogen fixation ability and tolerance to and accumulation of a wide range of heavy metals (Sood et al The present research highlights the phytoaccumulation potential of Azolla as a promising candidate for phytoremediation. The impact of uptake of heavy metals on the growth of Azolla has also been discussed for a better understanding and utilization of this symbiotic association for application as a phytoremediation agent in the field.
MATERIALS AND METHODS

Azolla Pinnata Strain
Azolla Pinnata was kindly provided by Agric. Microbial Dept. Soils, Water and Environment Research Institute (S.W.E.R.I), Agric.Res. Center (A.R.C), Giza, Egypt.
Azolla growth media
Modified Yoshida medium (Yoshida et al 1976), peat moss medium, and soil were used. The peat moss medium was prepared by adding (20g) peat moss to (600ml) tap water to each used plastic pot. The composition of peat moss was estimated by El-Shahat (1988).
Soil medium
The soil was collected from Kaliobia Governorate to study the ability of Azolla to grow on it. Soil analyses were estimated according to El-Shahat (1988).
Propagation of Azolla Pinnata
The experiment was carried out in the greenhouse of Soils, Water, and Environmental Res. Ins. (SWERI), Agric. Res. Center (ARC), Giza, Egypt.
One gram of Azolla Pinnata was transferred into plastic pots 20cm diameter and 25cm in depth in 5 replicates to estimate the growth of Azolla Pinnata during 25 days samples were taken every 5 days. The inoculated pots were incubated at 35 ˚C±2, with 14 h. light and 10 h. dark for 25 days under greenhouse conditions (EL-Berashi, 2008).
Parameters measured
Fresh weight and dry weight were determined according to El-Shahat, (1997), and they expressed as g / pot. D.T=t/r whereas: t = the duration of Azolla growth r = {log (wt/w0)/0.301} wt = weight of Azolla at time t w0 = weight of Azolla at zero time, (weight of inoculum).
Total nitrogen:
Total nitrogen (%) of Azolla fronds was determined in the dried plant materials by the micro kjedahl method according to Black et al (1965 The inoculated pots were incubated at 35 ˚C±2, under 14 h. light (14-17.5 K lux light intensity) and 10 h. dark for 25 days in greenhouse conditions. Samples were taken each five days, using the method adapted by EL-Berashi, (2008).
Parameters recorded
Fresh weight, dry weight (g/ pot) and doubling time (day) of Azolla Pinnata. Azolla cultures were estimated every 5 days.
Statistical analysis
The experiments were carried out as a complete randomized design with three replicates. The statistical analysis was carried out using LSD test to compare means of treatments in experiment (SAS. 2006. Statistical Analysis System, SAS User's Guide: Statistics. SAS Institute Inc. Editors, Cary, NC). Statistical significance was defined as p < 0.05.
RESULTS AND DISCUSSION
Growth performance of Azolla pinnata in different media
This experiment was conducted to determine the ability of A. pinnata to grow on different media. It was inoculated in three different media namely Yoshida, peat moss and Soil media to select the best growth medium by measuring the growth parameters as fresh and dry weight, doubling time, NPK content and Nitrogenase activity.
The data depicted in (Figs. 1 and 2) show good growth performance of A. pinnata in all the tested media. The fresh and dry weight of A. pinnata was gradually increased by increasing the incubation periods. The highest fresh and dry weight was recorded within Yoshida medium being 25.38 and 1.69 g/ pot fresh and dry weight, respectively after 25 days from inoculation compared to Peat moss and Soil media, these results are in similar to those obtained by El-Araby et al (1999), who found that A. pinnata recorded its maximum growth with increasing the incubation period up to 25 days of growth on the same medium.
Data recorded in (Fig. 3) show that, doubling time of A. pinnata increased during incubation period in the first ten days (from 0 to 10 days) in the three tested media then started to decrease during the second 10 days (from 10 to 20 days), then started to increase again after the second 10 days. In accordance with the highest fresh and dry weight of A. pinnata at which it was recorded after 25 days in all the tested media, the lowest doubling time was recorded with Soil medium and Peat moss medium, being (5.43 days) for both media.
It should be mentioned the obtained results by Nuzhat et al (2015), stated that A. pinnata doubles its biomass in less than two days under laboratory conditions and 5-10 days in normal field conditions.
Nitrogenase activity profile during incubation period (Fig. 4) showed gradual increase during the incubation period. The maximum nitrogenase activity was recorded in Yoshida medium after 25 days, being 14.32 μ mol C2H4/ g dry weight / h. while both of Soil and Peat moss media recorded their highest Nitrogenase activity after 20 days from inoculation being (13.29 and 7.63 μ mol C2H4/ g dry weight /h.) respectively.
These results are in agreement with those of (Abd El-AAl et al 2013), who stated that nitrogenase activity of Anabaena Azolla increased gradually by increasing the incubation period. While Pabby et al (2004) reported that prolonged incubation for more than 14 days, in a medium led to the suppression of nitrogenase activity in Anabaena microphylla.
The total NPK in A. pinnata recorded in (Figs. 5, 6 and 7) show that total NPK% increased gradually during the incubation period in all the three tested media and they reached their maximum record after 25 days in Yoshida medium compared to the other tested media. The highest significant NPK% was recorded within Yoshida medium after 25 days from inoculation being 3.87, 0.85 and 1.95% respectively. Data recorded in (Fig 11 and 12) show an increase in the fresh and dry weight of Azolla by increasing the incubation period until the 20 th day then started to decrease. (Fig. 13) show that inoculation of Azolla in Yoshida medium containing Co
+2
in the form of CO(NO₃)₂.6H₂O gradually decreased doubling time such decrease was conceded with increasing the concentration of Co +2 in the medium from 5 to 35 ppm and starting to increase by increasing the concentration of Co +2 to 45 ppm in the medium. Also, the doubling time of Azolla increased by increasing the incubation period. After 20 days from inoculation, Azolla exerted the high est significant fresh and dry weight, the lowest doubling time was observed within Azolla inoculated in Yoshida medium that contains 25 ppm from Co +2 , being (6.07 days).
El-Berashi (2008)
, indicated that by increasing the concentration of the heavy metals in the growth medium and incubation period, the doubling time would increase which is an indicator for decreasing the growth rate of A. pinnata. 
